Objective: The aim of this study is to present our initial experience in peritoneal carcinomatosis treatment and the technical details of cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) in the light of current literature.
INTRODUCTION
Peritoneal carcinomatosis (PC) is a common clinical presentation detected in advanced stages of gastrointestinal and gynecological cancer as well as peritoneal mesothelioma, which influences long-term survival. About 15% of patients with colorectal cancer (CRC) have PC at the time of diagnosis, and only a 6-month survival can be achieved with palliative treatment in these patients (1, 2) . Although it was traditionally considered as stage 4 disease offering only palliative treatment, Spratt (3, 4) and Sugarbaker suggested the idea that more promising results can be achieved when PC is approached as a locally advanced cancer rather than metastatic disease, in the 80s (5) . Current application and published positive data on cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) popularized the concept of curative approach for PC.
Cytoreductive surgery is the procedure defined by Sugarbaker (5) that includes a number of organ resections and peritonectomy. The aim is complete removal of tumor tissue, organ and/or the peritoneal surfaces without leaving any visible tumor in the abdominal cavity. Intraperitoneal chemotherapy applied following surgery aims to complete macroscopic cytoreduction to microscopic cytoreduction. With intraperitoneal administration, therapeutic concentrations in the peritoneal cavity could be achieved with lower doses of chemotherapeutic drugs, thus obtaining similar effects with less systemic side effects. The pharmacokinetic activity of intraperitoneal administration is better than that of systemic intravenous chemotherapy (6) . Hyperthermia increases the effectiveness of intraperitoneal chemotherapy by increasing peritoneal blood flow, direct cytotoxicity and effects on tumor microenvironment (7) . Therefore, it is recommended that intraperitoneal chemotherapy applied at 40 to 42°C, at which maximum thermal chemo-sensitization is achieved (8) . Today, HIPEC can be applied in a constant temperature and pressure with the aid of modern equipments.
In order to achieve successful results in the treatment of PC, it is imperative that the three main applications of this multidisciplinary approach; appropriate patient selection, complete cytoreduction, and perioperative intraperitoneal chemotherapy followed by postoperative chemotherapy should be implemented flawlessly. Proper patient selection, aggressive surgery and intraperitoneal chemotherapy prolong survival in this patient group with a poor natural progression, making curative approach possible (9) .
In this article, we aimed to present the technical details of CRS and HIPEC applications, and share the results of patients treated with SRC and HIPEC for PC at our center along with the current literature.
MATERIAL AND METHODS
Prospectively collected data of 27 consecutive patients who were treated with curative intent for PC with CRS and HIPEC in Samsun Medical Park Hospital General Surgery Department between November 2012 and September 2014 were analyzed. Preoperative staging was done with thoracoabdominal-computed tomography (CT) and positron emission tomography (PET)/ CT in all patients and tumor markers were evaluated. A group of patients was evaluated with diagnostic laparoscopy for resectability, and treatment strategy was identified accordingly. Indications for treatment and strategy were established in multidisciplinary oncology meetings. Candidate patients for curative surgery were selected by aiming at complete cytoreduction. Radiologic mesenteric root involvement, retroperitoneal invasion, massive pancreatic capsule involvement, small bowel involvement possibly requiring resection of more than one-third of the total length, unresectable liver metastases or extra-abdominal metastases, and/or patients with an ECOG performance score of ≥3 were selected for palliative approach. Candidate patients for surgery and their relatives were informed on the details of the procedure, possible complications and requirement for ostomy (permanent/temporary) and organ resection, and their consents were obtained. Nutritional status and general condition of surgical candidates were evaluated; patients who needed improvement in blood levels or nutritional parameters were hospitalized in the preoperative period and prepared for surgery. Perioperative surgical complications were classified according to ClavienDindo (10) , and HIPEC-related side effects according to Common Terminology Criteria for Adverse Events (CTCAE) (11). All patients were followed-up with CT and tumor markers after hospital discharge at regular intervals. Patients with recurrent disease and mortality were detected. Demographic, clinical and histopathological data were analyzed retrospectively.
Technique

Cytoreductive surgery
All patients received deep vein thrombosis prophylaxis with preoperative low molecular weight heparin, and anti-embolic stockings. Perioperative urinary catheter and urethral catheterization was performed in necessary cases. Cefuroxime sodium and metronidazole was used for antibiotic prophylaxis. Antibiotic doses were repeated once in every three hours. Surgery was performed in the Lloyd-Davis position. A midline incision extending from the xiphoid to the pubis was used. Scars due to a previous midline incision and the umbilicus were excised due to a possibility of tumor implant. In patients requiring upper quadrant diaphragmatic (right or left) peritonectomy, the xiphoid and epigastric fat pad were excised. After entering the abdomen, ascites and mucin decompression was performed, if any. Figure 1 depicts the operative image of a patient with pseudomyxoma peritonei (PMP) who underwent mucin decompression. Thompson retractor was used for retraction. Disease dissemination was scored according to the Peritoneal Carcinomatosis Index (PCI) defined by Sugarbaker with intraoperative staging (Figure 2 ) (12) . In case of presence of unresectability criteria not detected by radiologic evaluations, palliative interventions (stoma, debulking, palliative resection) was performed, HIPEC was not applied to these patients, and these patients were excluded from analysis. Figure 3 shows a patient judged to be unresectable due to extensive small intestine involvement.
Aggressive organ and peritoneal resection was performed in all procedures in patients selected for cytoreductive surgery aiming at complete macroscopic cytoreduction (13) . After decompression of ascites or mucin, all organs and peritoneal surfaces that require resection were determined with abdominal exploration. Surgical strategy was created. The omentectomy was usually made initially (omental cake). All peritoneal surfaces with disease involvement were stripped ( Figure 4 ). Peritonectomy was not applied outside the unaffected peritoneal surfaces except in PMP. Peritonectomy was performed by using round tipped cautery at high degrees. This provided both control of small vascular bleedings and destruction of tumor tissue. In patients with pseudomyxoma peritonei, complete visceral and parietal peritonectomy was also applied in unaffected areas. Tumor nodules on the liver surface were removed by stripping off Glisson's capsule ( Figure 5 ). To achieve a complete right upper quadrant diaphragmatic peritonectomy, the liver was fully mobilized and rotated medially. Diaphragmatic peritoneum was completely removed. In patients with diaphragmatic injury or those requiring partial resection, the injury was repaired after inflating the lung. Chest tubes were not inserted in any patients. Cholecystectomy was performed. Hepatodoudenal ligament and the small omentum were removed in selected cases. The small omentum and gastrocolic ligament was opened regardless of disease involvement Figure 1 . Mucin decompression in a patient with pseudomyxoma peritonei in order to achieve complete penetration of the chemotherapy solution. Left diaphragmatic peritonectomy was performed in the same way; splenectomy was added in appropriate cases. Pelvic peritonectomy and pelvic organ resection (rectum, uterus and/or bladder) was performed en bloc with the extraperitoneal approach in patients requiring pelvic cytoreduction. During removal of the peritoneum covering the bladder as part of pelvic peritonectomy, the bladder was filled from the inside to prevent bladder injury. Injured or partially resected bladders were repaired. They were followed with urinary catheter for 7-15 days after surgery. In patients with ovary-related PC, bilateral pelvicpara-aortic lymph node dissection was routinely performed. Small nodular implants in the mesentery of the small intestine and the large intestine were removed or cauterized as the final step ( Figure 6 ). Some cases required partial resection in order to remove the bulky small bowel mesentery involvement or had small defects in the intestinal wall. If a resection was performed at this stage, the anastomosis was left for after HIPEC application. Permanent intestinal repair was performed immediately in patients with small defects. In the visceral surfaces where tumor nodule resection could not be performed, excision/cauterization was used. The completeness of cytoreduction was scored by using the residual tumor completeness scoring "Completeness of Cytoreduction" (CC) at the end of surgery (9) . According to this scoring system no visible tumor remaining after surgery was considered as CC0, residual tumor size less than 2.5 mm as CC1, between 0.25 to 2.5 cm as CC2, and ≥2.5 cm is CC3. CC0 and CC1 in ovarian PC and PMP, and CC0 in CRC and stomach cancer were accepted as complete cytoreduction. In patients requiring anastomosis, the abdomen was temporarily closed and HIPEC 
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was performed. Temporary closure of skin incision was achieved by continuous, interlocked 2/0 sharp-bodied silk sutures. This liquid-tight closure method prevented overflow or leakage of chemotherapy solution during HIPEC. During HIPEC application, the abdomen was shaken with external manipulation to provide liquid access to all spaces and surfaces. All anastomoses were performed after HIPEC by re-opening the abdomen. In patients without requirement for anastomosis or with ostomy creation, the abdomen was permanently closed before HIPEC.
Hyperthermic Intraperitoneal Chemotherapy
Following cytoreduction, HIPEC was performed under general anesthesia with closed abdominal technique. Two inflow (deep pelvis and most affected area) and two outflow (superficial pelvis and subhepatic space) catheters were inserted into the abdomen, two temperature probes were placed and the skin was closed ( Figure 7 ). Chemotherapeutics were added into 3-5 liters of perfusion solution according to the abdominal cavity volume, and intraperitoneal chemotherapy was administered at a constant temperature of 41-43°C in 60-90 minutes by using HIPEC perfusion device. Cisplatin was used in 21 patients (75 mg/m 2 ), and oxaliplatin in 6 (400 mg/m 2 ). The HIPEC solutions were prepared by the Oncology Department of our hospital, and were brought to the operating room by oncology nurses. Utmost attention was provided for staff safety during preparation of this solution and implementation in the operating room. Operating room personnel and technicians were trained in this regard. The patient's blood and biochemical parameters were evaluated in the middle of the HIPEC implementation period. Liver and renal functions were evaluated. Blood gases were routinely monitored assessing the needs of the patients and they were corrected accordingly. In patients with low serum albumin levels, human albumin replacement was done during the procedure. Red blood cell and fresh frozen plasma replacement was performed in operations longer than six hours, in high number of organ resections, and in patients with preoperative borderline values. At the end of HIPEC, anastomoses were performed by opening the skin and the abdomen was closed. Catheters placed for perfusion were left in place and were taken gradually in the postoperative period.
Statistical Analysis
The continuous variables were expressed as mean and distribution, and categorical variables as frequency and percentage. No statistical analysis or survival analysis was performed due to the limited number of patients.
RESULTS
Nineteen patients were female and eight were male. The mean age was 54 years (32-72). The primary tumor was CRC in 12 cases, ovarian cancer in 12, gasric cancer in 2, and PMP in one patient. Two patients (ovarian cancer) underwent neoadjuvant chemotherapy. In two of the patients with ovarian cancer, the surgery was a 'second look' approach. Mean PCI was 12 . The mean operative time (surgery and HIPEC) was 420 (300-660) minutes. Peritonectomy in all quadrants was applied in 17 patients, three patients had pelvic peritonectomy (Figure 8 ) as well as right diaphragmatic peritonectomy (Figure 9 ), and two patients underwent a partial diaphragmatic peritonectomy. The diaphragm was injured during peritonectomy in three patients and primary repair was performed. None of these patients required a chest tube. The mean number of removed organs was 3.2 (1-7). Ten gastrointestinal anastomoses were performed on eight patients. The number of patients undergoing permanent stoma creation was four. The mean units of intraoperatively transfused red blood cells and fresh frozen plasma were 2 (1-5) and 1.2 (1-2), respectively. The mean length of hospital stay was 10 (6-32) and ICU stay was 3 (1-18) days.
One of the patients with gastric cancer was a 36-year-old case with tumor recurrence (recurrence after 2.5 years of primary surgery for signet ring cell gastric cancer) who developed obstruction symptoms. The patient was evaluated as a candidate for this treatment based on preoperative CT and subsequent diagnostic laparoscopy findings. However, the findings during surgery were more aggressive than anticipated. Taking her age and good general condition into consideration total gastrectomy, pancreaticoduodenectomy, total colectomy, TAH + BSO and total peritonectomy were performed. However, the patient developed anastomotic leaks first from the ileorectal anastomosis, followed by esophagojejunostomy and biliary anastomotic leakage and died on the 22 nd day due to associated sepsis. Pelvic exenteration was performed in two cases with ovarian cancer. In a patient with third intraabdominal recurrence of colorectal cancer, a right nephrectomy and common bile duct resection were performed in addition to standard procedures. 10 months survival was obtained in this patient. Full cytoreduction (CC0) was achieved in the patient with pseudomyxoma peritonei with application of Figure 6 . Excision of nodules within small bowel mesentery Perioperative morbidity was observed in 8 (30%) patients. The main reasons were superficial surgical site infection, paralytic ileus, gastric paresis, anastomotic leak (n=3), pulmonary embolism (n=1), intra-abdominal sepsis and pleural effusion. HIPEC related toxicity was observed in 1 (3.7%) patient (minimal hematologic toxicity, CTCAE 1). Perioperative mortality was seen in 4 (14.8%) patients. Three patients had intra-abdominal sepsis, and the cause of death was abdominal hemorrhage in a patient. Intraabdominal sepsis was related to intestinal anastomotic leakage. A patient with colorectal cancer had sepsis secondary to left hepatic segment necrosis and leaks leading to mortality. This was thought to be related to the possible vascularization loss in these segments by ligation of an undetected replaced left hepatic artery during small omentum resection. Despite resection of necrotic liver, creation of an ileostomy with abdominal debridement and open abdomen follow-up, the patient died due to sepsis on the 22 nd postoperative day. Our patient who died due to bleeding, was operated for gastric cancer and died with a sudden, profuse bleeding on postoperative day 11 at the ward.
In a mean 13 (1-22) months follow-up, intra-abdominal recurrence was detected in two patients with CRC after 9 months (patient who underwent nephrectomy and resection of the common bile duct) and 12 months, and one patient with ovarian cancer at 11 months. In two of these patients, the PCI was above 20 and complete cytoreduction could not been reached. Liver metastases were detected in a patient with ovarian cancer at the 13 th postoperative month, which was treated with resection of segments 6-7. This patient is still alive. Other patients are still being monitored, disease-free. All 23 patients without perioperative mortality were treated with adjuvant chemotherapy. The survival rate was 95.8%, and the disease-free survival rate was 82.6% in 13-months follow-up.
DISCUSSION
Large series (14) (15) (16) (17) (18) and randomized studies (19) (20) (21) (22) (23) published in recent years show that curative approach to PC may prolong survival in selected patients. Based on these results, radical surgery and intraperitoneal chemotherapy are being increasingly applied as a treatment option for PC. A limited number of centers (24) perform this procedure in our country, and it is being carried out at our center since 2012. The small number of patients, the short follow-up period and lack of survival analysis are the limitations of our study. The early results of our series of consecutive patients who underwent surgery at a single center are consistent with the literature and therefore encouraging.
Requirement for multiple organ resections, the longer operation time and intraperitoneal chemotherapy as well as having received neoadjuvant chemotherapy, previous abdominal surgeries and having low performance scores make PC patients a high-risk group for complications. The overall morbidity after CRS and HIPEC is reported as 12-56% and perioperative mortality between 0-12 %, in the literature, (25) (26) (27) (28) . The morbidity rate is associated with disease dissemination, cytoreduction extension, number of removed organs, age, perioperative blood loss and operative time (29, 30) . Another effective factor on complication rates is reported as the learning curve (>200 procedures) and center experience (31), although there is acceptable mortality and morbidity rates published from medium volume centers (32) . HIPEC-related toxicity is the most important cause of morbidity and mortality in these patients. HIPEC drugs and doses must be chosen based on thorough preoperative evaluation of kidney and bone marrow functions, and the patient should be closely monitored in the early postoperative period in terms of renal and hematological toxicity as well as long-term hematologic toxicity (26) . In our series, half of the complications occurring in eight patients (15%) were severe (grade 3-5) complications. The patient who underwent extensive cytoreduction with pancreaticoduodenectomy and low anterior resection for recurrent gastric cancer developed leakage from the esophagojejunostomy and rectal anastomosis resulting in perioperative mortality. During this patient's exploration, the PCI was determined as 22, and a decision for aggressive surgery was taken based on her young age and good performance status. Morbidity is almost inevitable in this major surgical approach for reasons mentioned above. The morbidity rate of our series is consistent with the literature. However, our mortality rate is higher. We believe that the center's lack of experience and selection of questionable patients played a role in this result. In a study of 100 patients, Moran et al. (33) reported a mortality rate of 18% in the first 33 cases, 3% in the second 33 patients, and 3% in the last 33 patients. They emphasized that the mortality rate decreases with increasing experience, and that all involved teams should gain experience.
Disease dissemination and extent of the procedures required to achieve complete cytoreduction are the most important prognostic factors on both perioperative surgical outcomes (mortality and morbidity) and long-term oncologic outcomes (9) . Selection of patients who are candidates for curative treatment is a difficult decision that requires assessment of many factors related to the patient and the tumor in combination. Piso et al. (34) listed factors influencing the decision for curative approach as follows: Tumor-related factors; tumor origin, histological grade, presence of metastatic disease, para-aortic lymph node involvement, PCI, small bowel involvement, hepatogastric ligament involvement, biliary/urinary obstruction and the response to previous chemotherapies. Other factors included patient performance status, comorbidity, learning curve, informed consent, predicted postoperative quality of life and the multidisciplinary council decision. Diagnostic laparoscopy and PET/CT are other useful tools used in patient selection. Within these parameters, the completeness of cytoreduction, tumor volume (PCI) and histological grade were emphasized as the most important independent prognostic factors for complications and survival in various studies. Intraoperative staging and identification of PCI as defined by Sugarbaker are the most common methods used to predict full cytoreduction ( Figure 2) (12) . The Peritoneal Surface Disease Severity Score (PSDSS) defined by Esquivel (35) is a more comprehensive system including clinical, radiologic and histological parameters. In this system, patient's symptoms (weight loss, ascites, abdominal pain, obstruction), radiologic PCI and primary histopathological features of the tumor (tumor grade, lymph node involvement, lymphatic/venous invasion, signet ring cell histology) are given scores, and the disease is classified into four stages (Figure 2 ). This staging has been shown to be associated with long-term oncologic results of patients with CRC and PMP treated with CRS and HIPEC, and it has been accepted as a reliable method in the selection of the patients that would benefit from treatment (35, 36) .
Computed tomography and PET/CT are used in the diagnosis and staging of peritoneal carcinomatosis, as in our series. However, preoperative radiologic findings may be inadequate in patient selection (37) . We believe that diagnostic laparoscopy is of great importance in these patients to detect inoperability and decide on treatment strategies. In our series, we used diagnostic laparoscopy in five patients. One of these patients had gastric cancer, one PMP, and the other three had ovarian cancer. While two patients were secondary cases, the other three were primary patients. In patients with primary ovarian cancer, diagnosis was verified by biopsy while also performing ascites decompression. It was decided to proceed with neoadjuvant chemotherapy followed by CRS and HIPEC. The patient with gastric cancer was selected for CRS and HIPEC based on diagnostic laparoscopy findings. The other secondary ovarian tumor was also directed to CRS and HIPEC treatment. PMP patients were treated directly with CRS and HIPEC. Laparoscopy is recently being used for CRS and HIPEC for both preoperative evaluation and as a direct surgical technique. It is a valuable technique that can show the presence of peritoneal carcinomatosis or if the disease is inoperable / unresectable before cytoreductive surgery (38) . Nevertheless, it should be kept in mind that this method may lead to under/overstaging of the disease (39) . In patients undergoing laparoscopy, the retroperitoneum, mesenteric root, pancreatic invasion must be thoroughly evaluated with preoperative CT. Diagnostic laparoscopy is especially helpful in the evaluation of military small bowel serosal involvement that is overlooked in PET CT and CT. The algorithm used in our center for patient selection and treatment is shown in Figure 10 .
Peritoneal carcinomatosis can be detected in 5-30% of patients who underwent potentially curative surgery for gastric cancer, and the median survival in these patients is reported as 1-3 months with systemic chemotherapy (40, 41) . The role of CRS and HIPEC in gastric cancer remains controversial. In 2010, Glehn et al. (42) reported the median survival as 9.2 months and 5-year overall survival as 13% in 150 patients from 15 centers treated with CRS and HIPEC. Yang et al. (43) performed the first randomized phase III clinical study, and the median survival in 68 patients with CRS and HIPEC was reported as 11 months, and as 13.5 months if complete cytoreduction was reached. The group receiving only CRS had a significantly shorter median survival of 6.5 months. In another study, results of 441 patients with CRS and HIPEC were compiled revealing a median survival of 7 months, reporting 11 months of survival in patients with complete cytoreduction (40) . The most important prognostic data in the literature on gastric cancer related PC is reported as complete cytoreduction. In our series, although complete cytoreduction was achieved in two patients with gastric cancer, patients were lost due to surgical complications.
There are a number of studies showing the positive impact of CRS and HIPEC on oncologic outcomes of patients with CRC, approximately 10% of which present with PC at the time of diagnosis (Table 1) (15, 17, 19, 20, (44) (45) (46) (47) innovations such as targeted therapy, the results of systemic chemotherapy alone are still worse than that of CRS and HIPEC (48) . Full-cytoreduction and PCI scores are the most powerful prognostic factors for survival. Complete cytoreduction can only be achieved in 80% of patients (49) . CRS and HIPEC do not increase survival in CRC acquired PC if complete cytoreduction could not be achieved (20) . Therefore, the role of HIPEC in patients where R0 resection cannot be reached is controversial. On the other hand, numerous studies that compared CRS alone vs. CRS + HIPEC demonstrated a positive impact with HIPEC application (45, 49) . Terzi et al. (50) described a generally accepted algorithm for the treatment approach of patients with CRC derived PC. According to this algorithm, patients without extra-abdominal metastases, good general condition, with limited small intestine involvement are accepted as candidates for exploratory laparotomy, and HIPEC is recommended following surgery in patients with complete cytoreduction. In our series, two patients who developed recurrence had PCI scores higher than 20. Both patients had a CC1 cytoreduction score. The remaining of our patients are still alive. The generally accepted contraindications for CRS and HIPEC in colorectal cancer related PC patients are poor general condition, presence of extra-abdominal metastases and more than 3 liver metastases (51).
The mean survival of patients with ovarian cancer related PC with conventional treatment is 12-25 months (52). The positive results of the studies suggest application of intraperitoneal chemotherapy in ovarian cancer patients with complete cytoreduction, and it is considered as the standard approach for stage III ovarian cancer (53) . Studies on the role of CRS and HIPEC in patients with ovarian cancer are not randomized controlled trials. However, many observational studies on large series reported 22-64 month median survival and 12-66% 5-year overall survival with CRS and HIPEC, and it is emphasized that the biggest benefit of treatment is seen in patients with complete cytoreduction (54). Table 2 presents important studies on the results of CRS and HIPEC in ovarian origin PC (55) (56) (57) (58) (59) (60) (61) (62) . In our center, we treated 12 patients with stage III ovarian cancer with CRS and HIPEC, achieved CC0 in 10, and complete cytoreduction with CC1 in two cases. Two patients with ovarian cancer had recurrences during follow-up. One patient had a recurrence at 11 months (diffuse intra-abdominal involvement), and the other at 13 months (liver metastases). The first patient received systemic chemotherapy, while the second was treated with surgery and underwent resection of liver segments 6 and 7. This patient is disease-free at 6 months following the second surgery.
Pseudomyxoma peritonei is the group with the best prognosis within peritoneal surface malignancies, and lately 10-year survival rates are being mentioned for this group after CRS and HIPEC. In a multicenter study on 2296 patients treated with CRS and HIPEC, the median survival has been reported as 196 months, and 10-year overall survival rate as 63% (63) . In the same study, the mean (64) . Pseudomyxoma peritonei is the disease with the best response to this treatment regardless of the PCI score. In our series, the PCI score of the only PMP patient was 32 on intraoperative staging and the patient is still being followed-up disease free at 21 months after cytoreductive surgery and HIPEC.
Many chemotherapy drugs were evaluated in this treatment method. These include various medications varying from one center to another such as cisplatin, mitomycin C, paclitaxel, liposomal doxorubicin, oxaliplatin, carboplatin, docetaxel and irinotecan that have particularly increased activities at high temperature (65) . The common chemotherapeutic drug used in HIPEC for colorectal cancer, ovarian cancer and primary peritoneal tumors is cisplatin. Cisplatin is the drug with the most common experience based on clinical trials (66) . In our study, the most commonly used drug was also cisplatin. Oxaliplatin was the second most commonly used drug. Currently, cisplatin and mitomycin-C are the most commonly used drugs alone or in combination in ovarian cancer related PC, cisplatin, mitomycin-C and oxaliplatin in CRC, mitomycin-C in PMP, and cisplatin and mitomycin-C in gastric cancer (65) . Recent publications indicate that oxaliplatin alone offer similar results with fewer side effects than combinations in CRC related PC (67). Nowadays not only chemotherapeutic agents but also biological treatment is considered for HIPEC. Studies on trifunctional antibody catumaxomab are especially promising (68) . Studies examining the role of bevacizumab, which is another commonly used angiogenesis inhibitor monoclonal antibody, in HIPEC treatment continue with promising results (69) . An increase in the efficiency of HIPEC along with a decrease in secondary morbidity is expected with new drugs and studies, more effective patient choice and better perioperative management.
The most toxic drug within the commonly used therapeutic agents is known as cisplatin. Nausea, vomiting and renal toxicity are its significant side effects. Certain measures should be taken against these side effects before and during application of HIPEC (70) . Paclitaxel related myelosuppression and neurotoxicity, oxaliplatin-induced neurotoxicity, and increase in the risk of infection secondary to any drug are important (71) . In our study, there were no toxic side effects other than minimal bone marrow depression in one patient. It is difficult to decide if nausea, vomiting, gastric paresis, and temporary ileus are related to the extensive radical surgery or the chemotherapeutic drugs. Therefore, such clinical conditions were evaluated in the concept of overall morbidity.
Colorectal cancer and HIPEC are considered as the only curative treatment options in PC, based on developments in the last two decades and published positive results. There are several ongoing randomized controlled trials on treatment outcomes, while studies have recently focused on detection of patients at risk for development of peritoneal metastasis, and proactive management with prophylactic HIPEC application and/or 'second look' surgery. The role of prophylactic HIPEC in gastric cancer patients without peritoneal metastasis has been demonstrated in numerous studies and meta-analysis (72-74). Elias et al. (75) advised surgical exploration in CRC patients at high-risk for PC after 6 months of adjuvant systemic chemotherapy. The proactive risk management proposed by Sugarbaker includes close monitoring and "second look" surgery when required in patients who are at high-risk of local recurrence and PC, such as tumor perforation, T4 tumors, and obstruction. It is an algorithm based on physical examination, close monitoring with CEA and CT (76) . According to this algorithm, re-operative surgery is planned whenever a finding suspicious for recurrence, such as elevation in CEA levels, is detected without further delay. All high-risk patients are evaluated at the end of the first year with planned "second look" operations, regardless of clinical suspicion. Patients with local recurrence or PC on "second look" surgery are treated by the principles mentioned above, and those without any findings undergo omentectomy, oophorectomy and HIPEC application. Prophylactic HIPEC and 'second look' approach are recommended for high-risk patients with ovarian, gastric and CRC (77) . There is a need for randomized controlled trials on the subject. In our series, two patients with ovarian cancer were assessed by laparotomy after receiving adjuvant chemotherapy following the initial surgery, and were treated with CRS and HIPEC upon detection of PC.
CONCLUSION
Cytoreductive surgery and HIPEC improve survival in patients with PC. Full-cytoreduction is the most important criterion to obtain the maximum benefit from this approach. Curative approach is not indicated in all patients with PC. Good patient condition, absence of extra-abdominal metastases, being able to achieve R0 or at worst R1 resection as determined by peritoneal disease volume (tumor burden) and application of HIPEC in patients with full CRS are the generally accepted indications in the current literature. Appropriate patient selection and center expertise are important factors that affect surgical results and survival rates.
Ethics Committee Approval:
Since it is a retrospective study, we did not apply for ethical committee approval and obtained our data from patients' files.
Informed Consent: Written informed consent was obtained from patients who participated in this study. 
Peer-review:
